Ticks are obligate hematophagous ectoparasites of wild and domestic animals and humans, and are considered to be second worldwide to mosquitoes as vectors of human diseases 1 and the most important vectors affecting cattle industry worldwide 2 . Ticks are classified in the subclass Acari, order Parasitiformes, suborder Ixodida and are distributed worldwide from Arctic to tropical regions 3 . Despite efforts to control tick infestations, these ectoparasites remain a serious problem for human and animal health 4, 5 .
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RNA interference (RNAi) 6 is a nucleic acid-based reverse genetic approach that involves disruption of gene expression in order to determine gene function or its effect on a metabolic pathway. Small interfering RNAs (siRNAs) are the effector molecules of the RNAi pathway that is initiated by double-stranded RNA (dsRNA) and results in a potent sequence-specific degradation of cytoplasmic mRNAs containing the same sequence as the dsRNA trigger [7] [8] [9] . Post-transcriptional gene silencing mechanisms initiated by dsRNA have been discovered in all eukaryotes studied thus far, and RNAi has been rapidly developed in a variety of organisms as a tool for functional genomics studies and other applications 10 .
RNAi has become the most widely used gene-silencing technique in ticks and other organisms where alternative approaches for genetic manipulation are not available or are unreliable 5, 11 . The genetic characterization of ticks has been limited until the recent application of RNAi 12, 13 . In the short time that RNAi has been available, it has proved to be a valuable tool for studying tick gene function, the characterization of the tickpathogen interface and the screening and characterization of tick protective antigens 14 . Herein, a method for RNAi through injection of dsRNA into unfed ticks is described. It is likely that the knowledge gained from this experimental approach will contribute markedly to the understanding of basic biological systems and the development of vaccines to control tick infestations and prevent transmission of tick-borne pathogens [15] [16] [17] [18] [19] .
Video Link
The video component of this article can be found at http://www.jove.com/video/2474/ Protocol 1. Generation of dsRNA.
1. Synthesize oligonucleotide primers containing T7 promoter sequences for in vitro transcription and synthesis of dsRNA (for example, for
Dermacentor variabilis subolesin use oligonucleotide primers D8AAT75: 5'-TAATACGACTCACTATAGGGTACTGACTGGGATCCCCTGCACAGT-3' and D8DVT73: 5'-TAATACGACTCACTATAGGGTACTCGAGCTTGGTGGAAAGGACG-3'). 2. Amplify target gene by RT-PCR using 10 pmol of each oligonucleotide primer and 1-10 ng of tick total RNA. 3. Purify the PCR product. 4. Synthesize dsRNA using 8 μL of the purified PCR product. 5. Quantify dsRNA by spectrometry. Table 1 .Tick species in which the RNAi protocol has been used. Figure 1 . Placement of ticks, ventral side up, on double sticky tape adhered to a sheet of red dental wax. The ticks are placed in groups of 5, after which a small strip of masking tape is placed over the mouthparts in order to further secure the ticks while allowing the injector to observe the body of the tick during injection. 
Discussion
Although other methods have been described for RNAi in ticks 14, 33 , the injection of dsRNA described here is the most widely used in both unfed (Table 1) and fed ticks 16, 25, 34 . RNAi has been shown to be a valuable tool for the study of tick gene function, the characterization of the tickpathogen interface and the screening and characterization of tick protective antigens 14, 35 . In particular, RNAi has become the most valuable tool for functional analyses in ticks 35 .
Methodologically, RNAi will likely evolve into more efficient methods that may allow gene knockdown in a large number of individuals. The mechanism of dsRNA-induced RNAi in ticks should be refined to contribute to a better understanding and utilization of this genetic approach in this species 35, 36 . The extent of off-target effects of RNAi in ticks is also an important question that needs to be fully addressed 14, 27 . Finally, RNAi will most likely provide comprehensive contributions to the study of tick gene regulation and systems biology and the tick-pathogen interface and may have an impact on the development of vaccines to control tick infestations and the transmission of tick-borne pathogens.
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